...>A low temperatureT 400/,6C) plasma enhanced 9Wemical vapor deposition process has been developed to grow diamond films for optia I coatings application. Films with fine grains WO-0) have been obtained by contyolling diamond nucleation. The surface roughness of the films is on the order f 50-200.
The optical transparency of the films is over 60% in the range of 0.6-2j:1 wavelength, which is comparable to that of type Ila natural diamond. Using a block-on ring t.ribotester, it is found that the diamond films adhere well to quartz substrates. ( 
1I J I
Low pressure synthesis of diamond films from a mixture of hydrocarbon and hydrogen gases has recently attracted worldwide interests' -3 due to the many promising applications of these films. The effects of surface roughness on optical transmission spectra of a sample have been theoretically formulated by Filinski t° based on the concept of the theory of light reflection from rough surfaces. Unlike the case for perfectly smooth surfaces, the reflected and transmitted light wavelets from rough surfaces and grain boundaries are scattered in various directions. The light scattering coefficient is found to be proportional to (o-nA) 2 , where a is the root mean squared (r.rms.) value of surface roughness, n is the refractive index of a sample, and X is the vacuum wavelength. Since the intensity of the transmitted beam is exponentially dependent on this scattering coefficient, it requires diamond (with a refractive index of n=2.4 ) films to be extremely smooth in order to minimize the incoherent light scattering which leads to surface haziness and poor transparency. Therefore, it is desirable to obtain diamond films with nanocrystallites.
In order to accomplish such a goal, one should realize the fact that the final diamond grain size is determined by the nucleation rate and the surface nucleation density. It is widely known from classical theory that there are two distinct optimum temperatures for crystal nucleation and growth.l t The temperature for optimal nucleation is known to be lower than that for growth. By depositing diamond at low temperatures, both the nucleation rate and the nucleation density can be optimized relative to growth. To maintain a low average substrate temperature, a plasma discharge is operated in a pulsed mode. In this way the diamond grains can be tailored to any size.
In our experiments, a 2.45 GHz microwave plasma CVD apparatus 12 The hydrocarbon gas mixture is fed into the reactor a few seconds after the plasma is turned on.
The discharge is maintained for a certain time interval until the substrate temperature (Tf) reaches 500-800 OC , and then the plasma is immediately turned off. The substrate is cooled down to room temperature (which takes about 10 minutes) before another similar cycle is initiated. This process The presence of the phonon peak at 1332 cm'l corresponds to that of the diamond phase.
In examining the effect of film surface roughness on optical transmission properties, transmission measurements from 0.2 to 2 g±m wavelength region are carried out on two diamond film coated quartz substrates which differ in surface roughness due to different average grain size.
The optical transmission study is carried out using a double-beam Perkin Elmer 330 UV/Visible/near IR spectrometer. Tungsten and deuterium light sources are used, from which the light wave is sent from the quartz substrate side at normal incidence angle. The film transmittance versus wavelength in gim is plotted in Figure 3 scattering from the rough surfaces as a is approaching the wavelength of incident light. lIovever, the 60+% optical transparency from 0.6 -2 pim wavelength is sufficiently high for most prctical applications. The oscillations in the transmission spectra are due to Fresnel interference phenomena of the thin film.
In order to evaluate the adhesion property of the diamond films to the quartz substrate, we have used a block-on-ring tribotester. 1 4 Experiments are performed on bare and -0.4 im diamond coated quartz by applying a constant load of 18.13 lb force on the sample against a 52100 steel (62 C Rockwell) rotating with a speed of 1 m/sec. It is constantly lubricated by a jet of mineral oil.
The total sliding distance is 1.8 km. The friction force at the contact area is recorded through a load cell from which the calibrated change in resistance is convened into force. The friction coefficient, f, can then be evaluated by dividing the friction force with applied normal force.
As shown in Figure 4a , the optical micrograph clearly depicts the significant amount of materials wear for the bare quartz, and this is further substantiated by the measured surface profile across the grinding track (Figure 4b ). The diamond film coated quartz, however, is completely intact after being tested under the same condition. In fact, some materials from the bearing part are transferred onto the film with rough surface. This is shown in the optical micrograph by the white striations along the direction of the grinding (Figure 4c ). This finding implies that the diamond film adheres extremely well to the quartz substrate. The coefficient of friction for the coated and uncoated quartz has been evaluated to be 0.047 and 0.09 respectively.
In conclusion, we have demonstrated that a low temperature microwave plasma enhanced CVD technique has been developed to deposit diamond films. The technique enables us to control diamond nucleation to achieve films with fine grain size for optical applications. Wavelength (,um) 
